invasive procedures has especially increased the use of intraoperative imaging, where instrumentation is inserted percutaneously without the direct anatomic visualization compared to open procedures.
Ionizing radiation has been classified as a carcinogen by the World Health Organization (1) . Radiation types within the "ionizing radiation" range have enough energy to remove electrons from atoms (1) . The use of fluoroscopic localization is performed routinely for surgical spine procedures with the advent of minimally invasive surgical techniques. There have been increasing concerns about overall radiation exposure to patients as well as physicians. Several studies have demonstrated a higher incidence of cancer in physicians and other healthcare workers whose work involves the use of fluoroscopic imaging. These implications are often neglected by the health care team for the benefit of treating patients (2) (3) (4) (5) (6) (7) . The use of protective equipment and measuring radiation dosage are means of trying to decrease total dosage over exposure time (8) . Surgeons are likely to exceed their lifetime radiation dose limit in the initial 10 years of practice (9) .
The incidence of chronic neck pain related to degenerative disc disease affects up to two-thirds of the population over their lifetime (10) . The literature has demonstrated the treatment option of ACDF for cervical disc herniation and spondylosis (11) (12) (13) (14) (15) (16) . Standalone cervical fixation devices have shown good outcomes both in the hospital and outpatient setting with the potential to decrease fluoroscopic use and total exposure time to patients and surgeons (17) . The authors aim to assess radiation dose in standalone cervical fusion versus anterior cervical plate (ACP) fusion. Thereby demonstrating the feasibility of decreasing radiation dosage in patients who had cervical spine surgery to achieve FluoroLESS ACDF.
Methods
This retrospective review of prospectively collected data of 97 patients was performed with standalone ACDF (S-ACDF) in 48 consecutive patients, Group 1 (A-CIFT Solofuse-P ® , SpineFrontier Inc. Malden, MA, USA) in the outpatient setting with comparison control group of ACDF with an ACP in 49 patients, Group 2 (Arena-C ® , SpineFrontier Inc. Malden, MA, USA) in the outpatient setting; fusion was reinforced with an ACP (Invue ® , SpineFrontier Inc., Malden, MA, USA). We received IRB approval as part of a cohort of patients who had anterior cervical surgery. This was a single surgeon study in the outpatient setting and patients had informed consent prior to proceeding to surgery. Indications for surgery included: failed conservative management for at least six weeks. Patients with symptomatic cervical spondylosis, stenosing herniated discs, degenerative disc disease with instability and facet arthritis, tropism or facetogenic pain were also included. An exclusion criterion for outpatient surgery used at this institute (18) . We recommended the discontinuation of narcotics at least two weeks before surgery if the patient had a history of narcotic use for greater than 6 months (19) . All patients with chronic medical conditions were sent for clearance to their family practitioner and/or cardiologist where applicable.
Fluoroscopy was performed for positioning, identification of level, placement of the implant, each screw, final AP and lateral images for the first 20 patients in Group 1. We noted after this that screw placement would be intact with the stop allowing good placement of the implant.
The implant design with a length of 17 mm, the width of 13 mm and angle of 40 o (Figure 1 ) allowed for the approximation of screw length to be placed safely based on average cervical vertebral height (20) . This is confirmed by cosine rule of cosine (Ѳ) = adj/hyp allowing us to confidently place screw without fluoroscopy confirmation for each screw.
Surgical technique
On the day of the procedure, informed consent was signed and operative procedure verified. Patient was placed under general anesthesia, and sterile preparation performed. A midline transverse incision base on modification of the standard Smith-Robinson operative technique then made (21, 22) . Surgical dissection, exposure, and discectomy performed at the desired operative level have been previously detailed in a study by Chin et al for cervical fusion (22) . Confirmation of level is performed fluoroscopically with an 18G bent spinal needle as well as with retractors and Casper pin in place. Pituitary ronguers, curette and burr drill used to perform discectomy removing the affected disc and opening foraminal space, the posterior longitudinal ligament was retained in situ (23, 24) . The PEEK caged was prepacked with demineralized bone matrix (DBM0 pure to aid fusion. Placement of the standalone cervical PEEK cage performed with aid of a stop and two screws then placed under direct visualization. Hemostasis achieved using bipolar forceps, a Penrose drain was placed above the implant, brought through the incision and secured with a sterile safety pin. This allows for wound drainage to prevent the development of a postoperative hematoma in all patients. In Group 2 the surgical approach was similar with DBM prepacked within the PEEK cage and ACP placed for supplemental fixation. Hemostasis achieved using bipolar forceps, a Penrose drain was placed above the implant, brought through the incision and secured with a sterile safety pin. This allows for wound drainage to prevent the development of a postoperative hematoma in all patients. The closure was performed in layers and a Penrose drain was left in-situ. Confirmation of placement of implants by fluoroscopic was performed at the end of procedure for lateral and AP views ( Figure 2 ).
Radiographic equipment
This study was performed using a Fluoroscopic X-ray system (Zen-7000) fluoroscopy machine. Total filtration of the X-ray beam was 3.7 mm Al. The machine was placed on auto exposure with the ability to manually change the preprogrammed exposure factors if needed. The machine also had the option to capture the last fluoroscopic image.
Discharge and follow up
Our institute used an outpatient protocol which was previously published with instructions discussed with all patients and caregivers (18, 22, 25) . Potential complications were discussed with the patient prior to and after discharge and follow up based on published protocol (18, 22) .
Statistical analysis
SPSS v22 (IBM Corporation, New York, USA) used to perform analysis of continuous and categorical data. Respectively we used an independent sample student t-test and a chi-squared analysis. Significant data is determined if the P value <0.05.
Results
Forty-eight patients in Group 1 (S-ACDF), 71% were female with the group's mean age being 47.8±1.6 years and No statistical significance was demonstrated between demographics of groups. Preoperative and postoperative outcomes did not show any statistical significance (17) .
Radiation dose was obtained from fluoroscopy machine for each patient and calculated using the formula of mA X time = mAs and D = g × kV × mAs/d 2 mean radiation dose in group 1 of 17.9±6.6 mAs and 0.8±0.3 mSv was significantly less compared to group 2 which was 29.8±5.4 and 1.3±0.2 mSv, P<0.001. The average radiation dose for singlelevel fusion in Group 1 was 12.5±3.5 mAs and 0.5±0.1 mSv this is compared to average radiation dose in Group 2 of 27.8±3.9 mAs and 1.2±0.2 mSv, P=0.001. The average radiation dose for two level fusion in Group 1 was 22.2±5.1 mAs and 0.9±0.2 mSv this is compared to average radiation dose in Group 2 of 33.9±6.0 and 1.4±0.3 mSv, P=0.001. Figures 3  and 4 illustrate the MAS and radiation dose, respectively.
Discussion
The authors aimed to assess the effective radiation dose for patients who received stand-alone anterior cervical fusion in the outpatient setting. Our study showed a statistically significant decrease in the total radiation dose to the patient. Outcome scores were also comparable demonstrating the feasibility of performing outpatient S-ACDF. We did not access total radiation dose to a physician but can inference there would be a decrease when doing standalone fusions compared to fusion with anterior plates.
Radiation exposure is of concern over the lifetime of patients and surgeons. It is pertinent for healthcare personnel to reduce this exposure in the way procedures are ordered and performed especially in the specialty of spine surgery. Pedicle screw insertion is of major concern and has been the focus of reduction due to the radiation does to both patients and medical staff (26) (27) (28) (29) (30) (31) (32) .
In a randomized control study by Nayar et al. (31) , they demonstrated that with the use of ultra-low radiation imaging (ULRI) there was no compromise of the accuracy of placement of pedicle screws with a reduction in radiation dose to patients and surgeons.
Studies have also demonstrated that the use of computer navigation decreases overall radiation dose.
In a small prospective randomized study by Villard et al. demonstrated that radiation dose for the patient was higher with the freehand technique, 1,884.8 cGy·cm (nonnavigated) versus 887 cGy·cm (navigated), without reaching a statistically significant level (26) . A more recent study, however, suggested that no benefits using the computerguided system (28) . The fact remains that accuracy of screw placement and decreasing radiation dose are the most important determinants during pedicle screw placement.
In reviewing the literature there were limited studies looking specifically at radiation exposure during anterior cervical discectomy and fusion (ACDF) as this procedure already has a low radiation dose exposure per procedure (33) (34) (35) . This shows that more study is required has the cumulative dose can still have been dramatic effects have there are increasing trends in ACDF being performed in the outpatient settings (36) . In a study by Metaxas, they demonstrated a low cumulative dose range of 0.96 mGy (range, 0.04−6.58 mGy) and ED between 0.001 and 0.097 mSv (average 0.015 mSv) (33) . This study, however, has some limitations with the use of Caldose software which has no modality to estimate dose to the cervical spine. The results of our study when compared would be the total radiation dose from fluoroscopy machine compared to a calculated absorbed dose.
The authors of this manuscript recognize the limitations of this study. The patients recruited for this study were mostly female and both groups had an average BMI of about 30. Performing a similar study with a completely randomized and large population size would provide greater evidence to support the results of this study and how applicable they are too different patient populations. There may have also been limitations in the way that the radiation dosage was calculated for each group since the amount of radiation produced per X-ray radiograph may have a slight variation. Since the radiation dosage was calculated the same for each group, the results were likely not affected by this limitation, however using a more accurate method of measuring radiation via fluoroscopy may provide a better idea of the difference in magnitude of radiation produced by each of the surgical procedures discussed in this study. Lastly, the clinical relevance of the findings mentioned in this study can be better understood if a longitudinal study was performed over decades with a large sample size to identify if there was a difference in the number of malignancies reported between patients that received either surgical procedure. Although the results mentioned in this study may provide a potential benefit for both surgeons and patients, further studies should be performed to verify these findings and their clinical impacts.
Conclusions
In the outpatient setting, S-ACDF has shown a statistically significant intergroup difference in overall radiation dose, as well as single and two-level fusions (P<0.001). We conclude that S-ACDF can decrease overall radiation exposure to patients.
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